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[57] ABSTRACT 

A thin film transistor (TFT) of a self*aligned structure, 
wherein a pair of a source electrode and a drain elec- 
trode are formed in alignment with a gate electrode and 
in contact with low resistance areas formed at both side 
portions of a semiconductor layer deposited on an insu- 
lating substrate. The low resistance areas are formed by 
the diffusion of metal atoms through heat-treatment. 

13 Claims, 3 Drawing Sheets 



50 30 20 80 60 




90 70 10 80 



05/17/2004, EAST Version: 1.4.1 



IXS. Patent May24,1988 Sheet 1 of 3 4,746,628 

Fig. I 

(PRIOR ART) 



Fig. 2 

(PRIOR ART) 



Fig . 3 

(PRIOR ART) 




Fig. 4 

(PRIOR ART) 



m %T) V F^^i^^a^^' , 

-4 
3 

-I 




05/17/2004, EAST Version: 1.4.1 



US. Patent May 24, 1988 Sheet 2 of 3 4,746,628 

Fig. 6 

50 30 20 80 60 




10 

Fig. 9 

120 30 20 no 120 




05/17/2004, EAST Version: 1.4.1 



U.S. Patent May24,1988 Sheet 3 of 3 4,746,628 

Fig, 10 
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METHOD FOR MAKING A THIN FILM 
TRANSISTOR 

This application is a divisional of application Ser. No. 5 
643,354, filed on Aug. 22, 1984, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an insulated gate 10 
field effect transistor of a self-aligned structure which 
uses a thin film layer made of amorphous silicon, mi- 
crocyrstalline silicon or polycrystalline silicon, etc., and 
more particularly, to a structure of the above thin film 
transistor (hereinafter referred to as a TFT) and a 15 
method for making the same which can greatly simplify 
the process thereof and highly maintain the pattern 
accuracy of source drain electrodes with respect to a 
gate electrode. 

2. Description of the Prior Art 20 
Generally, as shown in FIG. 1, a thin film transistor 

(TFT) using amorphous silicon (hereinafter referred to 
as a-Si) is constructed in such a manner that after a gate 
electrode 2 is formed on an insulating substrate 1 made 
of glass or the like, an insulator film 3 is coated thereon. 25 
Then, an a-Si layer 4 is deposited on the insulator film 3. 
Thereafter, a source electrode 5 and a drain electrode 6 
are formed such that their edge portions partly overlap 
and contact with the a-Si layer 4. For the gate electrode 
2, metal such as Al, Ni-Cr or Mo is employed. For the 30 
gate insulator film 3, Si02 film or Si3N4 film which is 
obtained by, for example, a chemical vapor deposition 
method (CVD method) or by a plasma CVD method is 
employed Generally, the a-Si layer 4 is deposited onto 
the gate insulator film 3 by glow-discharge decomposi- 35 
tion of SiH4. In addition, both the source electrode 5 
and drain electrode 6 may also be formed by an n+a-Si 
film etc. 

When the thin film transistor (TFT) of the above 
described type is used in an address element in a matrix- 40 
type liquid crystal display device, it is necessary to align 
the pattern of the semiconductor layer and the source 
drain electrodes with a predetermined gate pattern over 
a wide area with a very high precision, such as in the 
order of less than several micrometers. Thus, the posi- 45 
tioning of such electrodes also must be done with a very 
high accuracy. 

An improvement has been made to the above- 
described TFT. That is, a thin film transistor (TFT) of 
a self-aligned structure which requires no alignment of 50 
the source and drain electrodes with respect to the gate 
electrode, because the positioning of the respective 
electrodes are automatically determined. A method for 
making the self-aligned TFT is disclosed, for example, 
in IEEE, Electron Device Letters Vol. EDL-3, No. 7 55 
July 1982 by T. Kodama et al. According to this article, 
as illustrated in FIGS. 2 through 5, the self-alignment 
method makes use of a positive photoresist in order to 
determine the positions of the source and drain elec- 
trodes. In other words, after gate electrode 2, insulator 60 
film 3 and a-Si layer 4 are consecutively deposited on 
glass substrate 1 as shown in FIG. 2, a positive photore- 
sist is laminated on a-Si layer 4 and, thereafter the light 
is irradiated from a bottom face of glass substrate 1. 
When the light is irradiated, gate electrode 2 shields the 65 
light rays and prevents the photoresist thereon from 
being exposed. Accordingly, a positive photoresist pat- 
tern 7, which has the same configuration as that of the 
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2 

gate electrode 2, is formed as shown in FIG. 3. Then, 
Al-film is deposited on the photoresist pattern 7 and a-Si 
layer 4. Then, when the photoresist pattern 7 is re- 
moved together with Al-film deposited thereon 
through a lift-ofT method, source electrode 5 and drain 
electrode 6 are formed, as shown in FIG. 4. This pro- 
cess is called a self-alignment process. 

According to the above method, it is necessary to 
further provide an etching process for determining the 
width of the channel so as to provide a complete TFT. 
Morevoer, in order to enable the exposure process from 
the bottom of glass substrate 1, it is necessary to form 
source and drain electrodes through the self-alignment 
process on thin a*Si layer 4, which has the thickness of 
less than 200A. Furthermore in order to produce a FET 
which can perform favorably, it is necessary to form a 
thick a-Si layer 41, which has the thickness over several 
thousand A deposited thereon, as shown in FIG. 5, and 
thereafter, the deposited a-Si layer 41 should be covered 
with an insulator film 8 thereby obtaining favorable 
performance. 

Therefore, according to the prior art process for 
making the TFT, the process itself is very complicated. 
Furthermore, the layers formed on the top surface of 
the glass substrate may easUy be soiled or spoiled during 
the exposure process of light from the bottom face of 
the substrate. Moreover, in the case where the source 
and drain electrodes are formed by, e.g., Al, an etchant, 
such as HF, cannot be used to form patterns of the thick 
a-Si layer. 41. Instead, the thick a-Si layer 41 should be 
patterned by dryetching by the use of CF4. Thus, from 
practical viewpoint, the selfralignment process dis- 
closed in the aforementioned article is not suitable for 
forming a thin fihn transistor array for use in a matrix- 
type liquid crystal display device. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a novel arrangement of a TFT of a self-aligned 
structure and a method for making^the same which can 
form the source and drain electrodes in alignment with 
the gate electrode, without the step of exposure from 
the bottom surface of the glass substrate, but through 
the step of low temperature diffusion or through the 
step of siUcide formation reaction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present 
invention will become apparent from the following 
description taken m conjunction with the preferred 
embodiments thereof with reference to the accompany- 
ing drawings, in which: 

FIG. 1 is a cross-sectional view of a TFT according 
to the prior art; 

FIGS. 2 to 5 are diagrams showing the prior art self- 
aUgnment steps for making the TFT of FIG. 1; 

FIG. 6 is a cross-sectional view of a TFT according 
to one preferred embodiment of the present invention; 

FIGS. 7 to 9 are diagrams showing the steps for mak- 
ing the TFT of FIG. 6; 

FIG. 10 is a cross-sectional view of a TFT according 
to a second embodiment of the present invention; and 

FIGS. 11 and 12 are diagrams showing the steps for 
making the TFT of FIG. 10. 
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DESCRIFTION OF THE PREFERRED Si*" T l''?'^'* crystal display device, etc. 

EMBODIMENTS When magnesium (Mg) is used for the metal atom to be 

diffused into the i Layer, no performance of the p-chan- 

Referring to FIG. 6, a cross-sectional view of a TFT nel was observed, 
according to one preferred embodiment of the prese nt 5 piG. 10 shows a cross-sectional view of a TFT ac- 
invention is shown. The steps for making the TFT of cording to a second embodiment of the present inven- 
HG. 6 k as foUows. First, on an insulating substrate 10 ,ion. In order to make the TFT shown in FIG. 10, the 
made of glass, quartz or the like, an a-Si (including game steps described above are performed to form lay- 
microcrjratallme silicon) layer 40 havmg a thickness of grs shown in FIG. 8. Thereafter, an insidator film 90 
several thousand A is 4eposited through a glow cUs- 10 fo, j SiOz or SijN* is deposited 

chargedecomposittonofSiR^Next,thea.S,Uyer«is ^h^reon. as shown ik FIG. 11. ITie tWckness of the 
form^ mto a predetermmed patt«n by etchmg. Fur- j^^^or film 90 is several thousand A to several mi- 
tter. S.02orSi3N4fita IS deposited on the lay« 40 by ^^^^^ ^his insulator film 90 is then formed with 
the plasma CVD method or the like, thereby defining a * * u i i. • ttt^ Ai:^ ^ . 

gate insulation fihn 30. Then, on the gate ins\ilation fL 15 f*^'^'^* ^ f ^'ff^' '^I'^^f 

30, a film made of metal, such as Ti or Mo is deposited. ^ Ni or Al layer, is deposited over the film 

Then, this metal film is processed together with die gate ^^^^'^J?'^? ^^^^^ mtrudmg mto the contact 

insulation film 30 by etching so as to form a certain ^'^l^. ^y^^lf P^^y removed, thereby 

pattern of a gate electrode 20 exactly on top of a gate ^5^^. ^^^'^ electrode 50 and dram electrode 60 on 
insulation fihn 30. Thereafter, a layer 100 made of a 20 "le msulaaon film 90. Accordingly, the thin film transis- 
metal which is diffusible with respect to the a-Si layer shown in FIG. 10 is completed. The source 

40, such as Al, Mg, Ni, Au, Sb or Pd. is formed by the electrode 50 and the drain electrode 60 are electrically 
step of a vacuum deposition, as is illustrated in FIG, 7. connected with the low resistance areas 70 and 80, re- 
Then the metal layer 100 is heat-treated within the spectively, through contact holes 91. 
vacuum or in the inert gas at a temperature of 20O'-50O'' 25 According to t he sec ond embodiment, although the 
C. Thereafter, the metal layer 100 is removed by etch- steps for making TFT becomes more or less compli- 
ing as shown in FIG. 8, and accordingly, low resistance cated, the surface of the TFT can be covered by the 
areas 70 and 80, where the atoms of metal have been insulation film, and therefore, a TFT with remarkably 
diffused into a-Si layer 40. are formed at both side por- stable characteristics can be obtained, 
tions of the a-Si layer 40. The temperature of the heat 30 It is to be noted that the present invention is not 
treatment for diffusion of the metal atoms is set: below limited to the case where an a-Si layer is employed as a 
500* C. in order to prevent hydrogen evolution from, semiconductor layer, but may be applicable to the cases 
the a-Si layer. Source and drain electrodes 50 and 60 are where compound semiconductors such as those made of 
formed with their ends partly held in contact with the GaAs, GaP and the like can be employed. Moreover, it 
low resistance areas 70 and 80, respectively. For the 35 may be applied not only in the case of an amorphous 
material for the source and drain electrodes, metal layer, but also in the cases of a microcrystalline layer 
which can be selectively etched away with respect to and a polycrystalline layer. As is clear from FIGS. 7 
the material for the gate electrode (Ti. Mo, etc.), such as and 8, the gate electrode 20 and the gate insulator film 
Al, IS used. -Hie source electrode 50 and the drain elec- 30 serve as diffusion masks in the steps for forming low 
trode 60 are formed through the steps of the deposition 40 resistance areas 70 and 80 in the semiconductor layer 
and etehing process. through the low temperature diffusion of metal atoms. 

i5i?™i^rtf^^^ Therefore, the low resistance areas 70 and 80 are 

tl^Z of ^^^^^ that, subsequent to the fonned automatically in alignment with the gate elec- 

formaUon of the low resistance areas 70 and 80. a mate- trode 20 » & 

rial 110 for the source and drain electrodes may be 45 a. 'c„%u, a^^^u^ : *t, * u j- 

further deposited entirely covering the metal layer 100. fully descnbed m the foregoing embodmients, 

as shown! FIG. 9. In this case, a photoresist layer ui ^^""'^^^ Oie present mvention. it is possible to make 
in a predetermined pattern is formed to define a mask. ^""^^^ a self-alignment proems a thm fihn transistor 
Thereafter, by the step of etching, layers 100 and 110 ^"^^ considerably high resolution and 

are partially etched away, thereby forming the source 50 ^/^S,^ chaxmel length shorter than 5 micrometers, 
electrode 50 and the drain electrode 60. as shown in ^^"^^ ^ conventionaUy been regarded as diffi- 

FIG. 6. ^° obtain. Further, unnecessary stray capacitance 

In the case where a non-doped a-Si layer (heremafter between the gate electrode 20 and the source and drain 
referred to as an i layer), wherein metal atoms are not electrodes can be reduced. In addition, the response 
diffused, is em ployed , the p-channel performance is 55 bee improved greatly in comparison with a 

observed m the TFT even when the n-channel perfor- conventional TFT. 

mance is mtended, if the TFT is heat-treated at high Although the present invention has been fully de- 
temperature. This is due to the fact that the electrodes scribed with reference to the preferred embodiments, 
so made do not prevent positive holes from being in- '^^M modifications and variations thereof will now be 
jected from the electrodes, resulting in unstable n-chan- 60 apparent to those skilled in the art, and the scope of the 
nel performance. However, if the i kyer is doped with present invention is therefore to be limited not by the 
a very small amount of donors such as phosphorus, or if details of the preferred embodiments described above, 
metal layer 100, made of an alloy of Al, Mg or the like but only by the terms of the appended claims, 
added with a small amount of silicon, is used for the What is clauned is: 

division into the i layer, it is possible to control the 65 1. A method for making a thm fihn transistor com- 
TFT such that the p-channel performance can be sup- prising the steps of: 

pr^ed to such an extent that the thin film transistor forming a thin film semiconductor layer entirely on a 
TFT can be practically used as a switching transistor substrate, 
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etching said semiconductor layer into a predeter- 5. A method as claimed in claim 2, wherein said heat 

mined semiconductor pattern, so as to form an treatment is carried out at a temperature of 200* C. and 

etched semiconductor layer 500* C. 

depositing, in succession, a gate insulation film and a A method as claimed in claim 1, wherein said semi- 
gate electrode film entirely over said etched semi- 5 conductor layer is formed by glow discharge decompo- 
conductor layer, sition of SiH4, said gate insulation film is deposited by 

applying an alignment mask over said gate electrode Pl^sma CVD, and said metal layer is deposited by vac- 

fihn corresponding to said predetermined semicon- deposition. 

ductor pattern, said alignment mask forming a gate ^ method as claimed m clami 6, wherem said sub- 
pattern for both said gate electrode film and said ^trate comprises glass or quartz, said semiconductor 
gate msulation film comprises microcrystalline silicon, said gate insu- 
etching said gate eleJtrode and gate insulation films I^^^" comprises SiOz or Si3N4. smd gate electrode 
to form gate insulation and gate electrode fihns ^^^^"""^^ ^^"^"^ "^^^ ^^^^"^ comprises 
having self-aligned structures in said gate pattern Ai, Mg, W»» Au, 5b. or Fd. , , 

•J . J * 1 -J • J 15 8. A method as claimed in claim 1, wherem said 

over said semiconductor layer m said semiconduc- j j • i ^ j . . 

««j *^ fx«« ^^/x„o source and dram electrodes comprise alummum. 

tor pattern, and to form exposed portions of said ^ ^ ^^^^^ ^ ^^^^ ^^^^^ ^^^^ 

semiconauctor layer. diffusing step, a second layer is fonned on said metal 

removmg said alignment mask, layer, a photoresist layer is fonned in a predetermuied 

depositmgainetallayeroversaidsubstrate.saidsemi^ 20 pattemasamaskover said second layer. Vnd said metal 

conductor layer said gate electrode fihn. and said ^^^^ ^^^^ j^y^^ ^^^j^^^ 

gate insulation film. source and drain electrodes, 

diffusmg metal atoms from said metal layer mto said ^ method as claimed in claim 1, wherein after said 

exposed poruons of said semiconductor layer. diffusing step, said metal layer is removed, an insulator 

thereby forming a first and a second low resistance 25 film is fonned over said substrate and said gate elec- 

trode, contact holes are formed in said insulator film to 

fonning a source electrode by etching and deposition expose said first and second low resistance portions, an 

on said substrate, said source electrode contacting electrode layer is fonned over said insulator film, and 

said first low resistance portion, and part of said electrode layer is removed to form said 

forming a drain electrode by etching and deposition 30 source and drain electrodes from said electrode layer, 

on said substrate, said drain electrode contacting n. a method as claimed in claim 10, wherein said 

said second low resistance portion. insulator film comprises SiOz or Si3N4 and said elec- 

2. A method as claimed in claim 1, wherein said metal trode layer comprises Ni or Al. 

atoms are diffused by low temperature heat treatment, 12. A method as claimed in claim 1, wherein said 

using said gate electrode film as a mask. 35 semiconductor layer is amorphous, microcrystalline, or 

3. A method as claimed in claim 2, wherein said heat polycrystalline. 

treatment is carried out in a vacuum. 13. A method as claimed in claim 1, wherein said 

4. A method as claimed in claim 2, wherein said heat semiconductor layer comprises GaAs or GaP. 
treatment is carried out in an inert gas. « • » » » 
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